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Abstract. We show that the existence of the fundamental ultraviolet
cut-o (minimal scale) xed by weak interactions enhances the QCD run-
ning coupling evaluated at one quantum loop level, starting at the scale in
the vicinity of the cut-o. The enhancement of the QCD running coupling,
together with the resulting enhancement of the parton distribution functions,
could completely explain the observed anomalous TEVATRON data. The
amplied parton distributions are responsible also for the high-Q2 HERA
anomalies. The QCD in the noncontractible space is not an asymptotically
free gauge theory.
1 Introduction
We are entering into the era of the very important measurements in particle
physics as well as in cosmology and astrophysics. One expects the assurance
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of the results that indicate the existence of massive neutrinos and lepton
flavour mixing coming from the solar and atmospheric neutrino data, LSND
experiment and from various astrophysical and cosmological data relevant
for measuring mass densities and structure formation in the Universe. The
anomalous events in particle physics observed at high energy hadron-hadron
collisions at TEVATRON and lepton-hadron collisions at HERA are espe-
cially intriguing.
All these results strongly support the necessity to modify, enlarge or im-
prove the Standard Model(SM) of particle physics. It has been recently
proposed [1] a mechanism for the gauge symmetry breaking without the in-
troduction of the Higgs scalar. The ultraviolet singularity and the SU(2)
global anomaly problems appear as milestone points that could lead to the
improvement of the SM. Namely, the embedding of the SU(2) gauge sym-
metry into the SU(3) symmetry gives the natural and unique solution of
the nonperturbative consistency with respect to the SU(2) anomaly, while
the hypothesis of the noncontractible space triggers the violation of gauge,
discrete and conformal symmetries [1].
The qualitative analysis of the bootstrap equations in the nonsingular
theory can give the insight into the understanding of the problem of the
number of fermion families, mass gaps between the families, the smallness of
neutrino masses, etc. The lepton number is spontaneously broken and neu-
trinos appear as Majorana particles. The neutrino masses are cosmologically
acceptable and the heaviest light neutrino could play the role of the hot dark
matter particle [1, 2] and one of the heavy neutrinos could be a candidate
for the cold dark matter. We are in a position to solve the problem of the
baryogenesis through leptogenesis because of the broken lepton number. A
calculation of the - parameter of the cosmological nucleosynthesis [2] could
cause a severe test of the theory.
Introducing into the theory the fundamental scale dened by weak inter-
actions, as the only fundamental interaction that can provide nonvanishing
dimensionfull quantity-the mass of the weak gauge boson, one has to check
the relevance of this scale in the gravity and cosmology. We claim [3] that
the weak scale is also a natural fundamental scale in the Einstein-Cartan
nonsingular cosmology where the torsion plays a crucial role in preventing
the appearance of the cosmological singularity. However, the greatest chal-
lenge of the Einstein-Cartan cosmology is the possibility to solve the problem
of the mass density of the Universe and the cosmological constant problem
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(without ne-tuning) at the space-like innity (Tγ = 0K), that means at
the stage when the Universe is very similar to its present evolutionary stage
(Tγ = 2:73K) [3]. In addition, the existence of the spinning dark matter par-
ticles (light and heavy neutrinos) and of the global vorticity of the Universe
is required [3].
It has been also shown that the eect of the fundamental length in quan-
tum mechanics [4] is the spectrum-line broadening that is proportional to
the square of the fundamental length.
This paper is devoted to the study of the QCD running coupling in the
noncontractible space at one quantum loop and its comparison with the SM
calculations. In the next section we present the perturbative calculation
supplied with all the necessary details in the Appendix. In the concluding
section we outline numerical results and discuss their relevance with respect
to the recently observed anomalous events at TEVATRON and HERA.
2 Perturbative calculus of the QCD running
coupling
The UV cut-o is xed in a gauge and Lorentz invariant manner applying
the Wick’s theorem in the trace anomaly [1] . Contrary to other scale xing
procedures, such as in the nonlocal gauge theory through the nonuniversal
functionals, the relation for the weak boson mass is similar to that of the
Higgs mechanism but now instead of the vacuum expectation value of the
scalar eld gures the universal cut-o (modulo real number), thus dened
by the gauge and Lorentz invariant quantities, namely the weak boson mass






We can use all formalisms of the local relativistic quantum gauge eld
theory for the broken (QFD) and the unbroken (QCD) phase of the theory.
The above relation should be preserved to all orders in perturbation theory
and it should be considered as a denition of the universal fundamental scale .
Operator gauge- and Heisenberg-algebras are intact by this consideration, no
new operators emerge and one can use all the benets of the BRST symmetry,
such as the generalized Ward-Takahashi and Slavnov-Taylor identities for the
exact Greeen’s functions and the renormalizability of the non-Abelian gauge
theory [1].
3
The calculations will be performed in the ’t Hooft-Feynman gauge with
constant nonvanishing quark masses. We choose the denition of the running
coupling originating from the light quark-gluon vertex [5].
The momentum subtraction renormalization scheme [6] appears as the
naturally suitable scheme for the UV nite theory and we shall apply it to
the QCD, with and without the fundamental scale.
The following conventions are adopted for the renormalization constants
[7] :


























The o-mass-shell renormalization conditions dene the following physi-
cal (renormalized) Green’s functions:
SR(6 p)p2=−2 = SF (6 p)p2=−2 ;
ΓR (p; q)p2=q2=−2 = γ : (2)
To insure the SU(3) gauge invariance we impose the on-mass-shell renor-
malization condition for the polarization operator of the gluon eld [8]:
onR (p)p2=0 = 0: (3)
The above conditions dene the innite and nite parts of the renormal-
ization constants in the SM and the nite renormalization constants in the
UV-nite theory.
We have now to relate renormalization constants of the polarization op-
erator in two distinct (o- and on-mass-shell) renormalization schemes:
onR (p;mi;) = Z
on
3YM(p;mi;)0(p;mi; ;);
offR (p;mi; ;) = Z
off
3YM(;mi;)0(p;mi;); (4)
 = fundamental UV cut− off;  = scale parameter:
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The evaluation of the -function requires the knowledge of the derivative







Because of the universality of the -function to the one-loop order, the










By the choice for the scale variable 2 = − 1
p2
in the on-mass-shell scheme,
it is possible to compare the physical quantities at various spacelike points
up to the spacelike innity. It is in accordance with the on-mass-shell renor-









One can immediately evaluate (see Ref.[7] or any textbook on the QCD)
the necessary renormalization constants from the quark-gluon vertex, quark
and gluon self-energy diagrams in the ’t Hooft-Feynman gauge in terms of
one-, two- and three-point Green’s functions(see the Appendix):
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−B0(0;mf ;mf)) + 5B0(−
2; 0; 0)] + (mi;): (8)
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From the standard denition of the  function [7] we can easily nd the
relation for the QCD running coupling to one quantum loop:


















1 + s(0)((0)− ())
; (9)
() = −1s (−2Z1F + 2Z2F + Z3YM):
Eqs. (8) and (9) give immediately the standard relation for the QCD



















Throughout the paper the superscripts "1" or "" denote the physical
quantities evaluated in the standard way or with the covariant UV-cut-o .
3 Results and discussion
We can now illustrate the eect of the fundamental UV cut-o on the QCD
running coupling, applying Eqs. (8) and (9) to the Green’s functions with
and without the UV cut-o. To make a comparison we choose the following
set of the initial conditions and quark massess[9, 10] (1s  s(SM)) :
Input parameters of Table 1 :
 = 326 GeV; s(0) = 1; 0 = 1 GeV; nf = 5;
mu = 6 MeV; md = 9 MeV; ms = 180 MeV;
mc = 1:5 GeV; mb = 5 GeV;
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Table 1




2 1.013 1.026 1.053 1.101 1.155 1.210 1.261 1.307 1.349
1s 0.142 0.133 0.127 0.122 0.120 0.117 0.115 0.113 0.111
In Table 1 one can notice the enhancement of the running coupling s
in comparison with 1s , starting at the scale in the vicinity of the UV cut-
o. We have displayed 2s values because the dierential cross sections of
various hadron-hadron collisions are proportional to 2s. The enhancement
of the inclusive jet cross section at high ET and the excess in the production
of W(Z) plus one jet are observed at TEVATRON [11]. One can expect
further enhancement coming from the amplied parton distribution functions
as solutions of the DGLAP equations [12] with a new larger s . This has
been established within xed-point QCD [13], but the enhancement due to
parton distributions in QCD with the UV cut-o could be even stronger
because f:p:s () < 

s () for   200 GeV .
For massless quarks one can nd the following enhancement:
Input parameters of Table 2 :
 = 326 GeV; s(0) = 1; nf = 5;
0 = 1 GeV; mqi = 0;
Table 2




2 1.013 1.027 1.055 1.107 1.164 1.222 1.276 1.325 1.369
1s 0.151 0.141 0.134 0.129 0.126 0.123 0.120 0.118 0.117
In order to show the sensitivity of the results on the magnitude of the
fundamental UV cut-o, one can observe in Table 3 the smaller eect for
larger cut-o > >  :
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Input parameters of Table 3 :
> = 600 GeV; s(0) = 1; 0 = 1 GeV; nf = 5;
mu = 6 MeV; md = 9 MeV; ms = 180 MeV;
mc = 1:5 GeV; mb = 5 GeV;
Table 3




2 1.004 1.008 1.013 1.019 1.027 1.041 1.062 1.087 1.113
The xing of the QCD coupling at 1 GeV depends on the tting of the
data, thus in Table 4 one can nd the results for a dierent initial s(0)
and in Table 5 for a dierent number of flavours (nf=6).
Input parameters of Table 4 :
 = 326 GeV; s(0) = 0:5; 0 = 1 GeV; nf = 5;
mu = 6 MeV; md = 9 MeV; ms = 180 MeV;
mc = 1:5 GeV; mb = 5 GeV;
Table 4




2 1.011 1.023 1.047 1.089 1.137 1.185 1.230 1.270 1.306
1s 0.125 0.117 0.113 0.109 0.107 0.105 0.103 0.101 0.100
Input parameters of Table 5 :
 = 326 GeV; s(0) = 1; 0 = 1 GeV; nf = 6;
mu = 6 MeV; md = 9 MeV; ms = 180 MeV;
mc = 1:5 GeV; mb = 5 GeV; mt = 170 GeV
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Table 5




2 1.012 1.025 1.053 1.101 1.155 1.210 1.260 1.305 1.346
1s 0.142 0.133 0.127 0.123 0.120 0.117 0.115 0.113 0.112
From Tables 1-5 one can notice that the enhancement of the QCD running
coupling s =
1
s is sensitive considerabely only on the magnitude of .
A complete calculus requires the study of the renormalization group equa-
tions with running masses[9] , but a very accurate comparison with experi-
ment should be done within two-loop perturbation theory (notice that two
loop corrections should be less than 10 % because s(300GeV )= < 0:1 ).
However, the enhancement of the cross sections due to the QCD running
coupling dominates over that due to the amplied parton distributions[13] .
Thus one can expect only few percent higher probabilities for high-Q2 HERA
data [14]. The squared quotient of two compared running couplings should
be even less sensitive to higher order calculations.
Let us take into consideration the possible impact of our Green’s func-
tions described in the Appendix on the recently established large discrepancy
between the SM and measured weak couplings of the b-quark [15] at LEP and
SLD. Evaluating our scalar Green’s functions in the noncontractible space
B0 and ~C

0 with t,b-quark or W;Z
0-boson masses, one can observe large
discrepancies between ours (see the Appendix) and the standard Green’s
functions:





(p2 = M2Z) = 0:89;
Re ~C0 (k = 170 GeV; p = 80 GeV ;MW ;mt)
Re ~C10 (k = 170 GeV; p = 80 GeV ;MW ;mt)
= 0:77:
These scalar Green’s functions appear in the renormalization of the weak
vertices of the b-quark, the self-energy of the b-quark and the polarization
operators of the W;Z0 bosons in the loops containing the t-quark [8]. The
box diagram with the t-quark in the bb production at LEP and SLD could
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be also aected by the presence of the UV cut-o. Instead of introducing
new interactions one should recalculate weak radiative corrections with the
UV cut-o to t LEP and SLD data.
To conclude, one can say that the eect of the noncontractible space in
QCD is the nonresonant and universal enhancement of various cross sections
in pp, pp and ep collisions (this conclusion is veried in the region where one
can apply the perturbative calculus), starting at the scale in the vicinity of
the UV cut-o. The characteristics of the anomalous TEVATRON [11] and
HERA data are in accordance with this claim [14]. Evidently, the QCD in
the noncontractible space is not an asymptotically free gauge eld theory.
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Appendix
We use the following denitions and settings of the Green’s functions with











































































2p21C1(p1; p2;m1;m2) = B0(p
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−p2 + y +m22 +
q








The integration in the second term [16] is performed from the branch point
of the square root
q
(−p2 + y +m22)2 + 4p2y  {Z and the additional kernel is






























p1 = (0; 0; 0; p1); p

2 = (0; 0; 0; p2):
The integrals for high momenta up to innity should be performed after
the inverse mapping of the integration variable. For massive quarks and
o-shell external momenta Green’s functions are infrared convergent [17].







(q2 −m21 + {")((q + p1)2 −m
2


















− p2); k > 2p:
































The analytical continuation above the threshold could be very compli-
cated matter in the analysis of functions of complex variables applied to the
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Green’s function in the written integral representation. In the case of the
two-point Green’s function B0 we need the explicit form of the additional
term for the integration in the timelike region because the integration in the
spacelike region in the limes  !1 is divergent. However, the three-point
scalar Green’s functions are UV-convergent and we do not need to know the
explicit form of the additional terms because they do not depend on the UV
cut-o and we can use the analytical continuation of the standard Green’s














  function derived by the angular integration after Wick0s rotation;
C10  standard
0t Hooft− V eltman scalar function;
TD  timelike domain of integration:
The last equation is valid for arbitrary external momenta. The same
formula is applicable to the higher n-point one loop scalar Green’s functions.
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